Radiation Preservation of Food

H. F. KRAYBILL, Ph.D.

OON after World War II, studies sponsored
by the Atomic Energy Commission dis-
closed that ionizing radiation could be used to
preserve foods, and a new concept of food
processing appeared. Preservation of food
promises to be one of the most important peace-
ful uses of atomic energy.

Since food spoilage bacteria ean be destroyed
effectively by radiation with only a small rise
in temperature, not more than 10° C., and with
remarkable speed, it is conceivable that irradi-
ated foods can be made to surpass in flavor
and texture foods preserved by other methods.
Current research, sponsored largely by the De-
partment of the Army, is directed toward this
goal, as well as the demonstration of safety
and nutritional adequacy.

Although many problems regarding the qual-
ity of certain irradiated foods remain to be
solved, radiation treatment presently offers sev-
eral interesting possibilities for increasing the
supply of perishable food and safeguarding
health. At levels much lower than the 2 or 3
million rep (roentgens equivalent physical)
necessary for sterilization, radiation inhibits
sprouting of potatoes (10,000-30,000 rep), de-
stroys trichina in pork (30,000 rep), increases
the keeping quality of perishable foods under
refrigeration (50,000-100,000 rep), and de-
stroys insect infestation (50,000-100,000 rep).

Either gamma or electron sources are used
for radiation preservation of food. Mixed fis-
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sion products (spent fuel rods from nuclear
reactors) and cobalt-60 are the sources of
gamma rays. Resonant transformers, Van de
Graaft generators, and linear accelerators are
the electron sources. Ienetration of radiation
from a gamma source is greater than that from
an electron source, but a gamma source has the
disadvantage of requiring continuous shielding.
An electron source can be turned off and on.
Since pasteurization or sterilization of food
requires rather high levels of radiation, higher
than the level required for lethal effects against
mammals and insects but lower than that for

viruses and enzymes (fig. 1), it might be antic-

ipated that rupture of chemical bonds would
occur during processing. This has been found
to be true. The molecular alteration in fat,
protein, and carbohydrate in food produces
certain noticeable changes in odor, color, flavor,
and texture (7). The effect of radiation on
meat, which has been studied extensively, may
be summarized as follows:

* Protein change: Increase in creatinine.

* Production of sulfur compounds: Hydro-
gen sulfide and mercaptans produced at 70,000
rep.

* Pigmental changes: Oxymyoglobin and
metmyoglobin formed.

* Enzyme inactivation: Proteinases inacti-
vated at 1.6 x 10° rep.

Much of the current research work is concen-
trated on improvement of texture and flavor
in an effort to increase acceptability of irradi-
ated food. Foods sensitive to radiation under-
go changes in sulfur-containing compounds,
proteins, and unsaturated fatty acids as a re-
sult of interactions with free radicals during
irradiation. One method of counteracting
these effects would be the introduction of com-
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Figure 1.

Radiation dosages producing lethal effects in certain biological systems.
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pounds that would serve as free radical ac-
ceptors. Such compounds, of course, must be
acceptable as chemical additives. Other possi-
bilities include packing the food under an inert
gas atmosphere (nitrogen or helium, for ex-
ample), prestoring the food to reduce the avail-
able oxygen, blanching prior to irradiation, and
vacuum packing.

Since alteration in chemical structure is in-
duced by radiation, it is possible that toxic
degradation products may be produced
through transformation of the macronutrients
(fat, carbohydrate, and protein) and the mi-
cronutrients (vitamins) in the foodstuff. As-
suming that radiation processing is techno-
logically successful and economically feasible,
it is likely that some day a significant propor-
tion of man’s diet will consist of irradiated
food. It must be demonstrated, therefore, that
foods treated with radiation are nontoxic to
humans and that they are at least equal in nu-
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tritive value to foods preserved by canning or
dehydration.

An excellent procedure for evaluating the
wholesomeness of radiation-sterilized food has
been described by Lehman and Laug (2). They
suggest that studies on wholesomeness be di-
rected along two major lines: potential toxicity
and nutritional adequacy. Absence of induced
radioactivity, carcinogenicity, and antigenicity
must be established through extensive toxicity
testing. Chemical and physical examination
of the food prior to animal studies may provide
important information for design of the toxi-
cological study. For disclosing toxic effects,
it is standard practice to challenge an animal
with a relative excess of the test substance. For
determining nutritional adequacy, the chal-
lenge should be made by reducing the vitamin
supplement added to the basal ration to a
level at which nutrient inadequacy would be
intensified.
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Since the various species of animals, and
even strains of the same species, frequently
differ in sensitivity, a number of different spe-
cies, such as the rat, the mouse, the dog, the
monkey, and the chicken, should be included in
the testing program. As radiation-induced
changes in food are extremely subtle, the usual
gross observations of growth, reproduction, and
food consumption may not adeqaately describe
toxic or harmful effects. It is desirable to in-
clude in the experiments a measure of cellular
metabolism as a supplement to the gross ob-
servations. This can best be accomplished
through application of enzyme analyses of tis-
sues of the animals on the experimental diets.

Since March 1954 the Office of the Surgeon
General, Department of the Army, has spon-
sored, through contracts with various institu-
tions, a broad research program relating to
wholesomeness of irradiated food, as outlined
(see inset). Working closely with the Office
of the Surgeon General in directing this
program is the Food and Drug Administra-
tion, Department of Health, Education, and
Welfare.

Induced Radioactivity

In first considering the possibilities of pre-
serving food by means of radiation, it was as-
sumed that the process would not induce radio-
activity in the food, since gamma and electron
sources are used and a neutron flux is not in-
volved. One of the few direct studies of this
question supports this assumption: No detect-
able amount of radioactivity was found in 24
common food elements that had been irradiated
with a 1,000-curie cobalt-60 source (3).

Investigators are currently considering the
possibility that accelerated electrons with beam
energies greater than 10 Mev. might induce
measurable amounts of radioactivity. Radia-
tion preservation, however, is accomplished
with beam energies far below this level. Also,
Peterson and associates (4) noted that, follow-
ing a nuclear explosion, food in unbroken con-
tainers at a distance of 1,700 feet from ground
zero would be safe to eat. Induced radioac-
tivity apparently is no problem in radiation
processing of foods, provided no source of
neutrons is present.
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Toxicity Studies

One of the earliest studies of toxicity was
reported by DaCosta and Levenson (§). These
investigators found that a capacitronized syn-
thetic ration fed to male and female weanling
rats produced no deleterious effects on growth.
However, there was impairment in the fertility
of the male and increased mortality in litters
that they believed was due to destruction of
vitamin E. These findings were later corrobo-
rated by Poling and associates at the Swift and
Company Research Laboratories in studies of
irradiated ground beef (6). They found that
male infertility and viability of the young
were readily corrected by supplementation of
the diet with vitamin E.

Similar studies on irradiated butterfat (7)
and on irradiated dried whole eggs (unpub-
lished report by B. E. Proctor and John T. R.
Nickerson of the Massachusetts Institute of
Technology) indicate that these products have
a slight effect on growth rate but essentially no
toxic effects.

A three-generation mouse-feeding study, in
which a semisynthetic diet sterilized by steam

Army Wholesomeness Studies

Short-term feeding (8 weeks). Army Medical Nu-
trition Laboratory and the University of Colo-
rado: rat and man; Wisconsin Alumni Research
Foundation: rat.

Longevity, reproduction, and lactation. Agricul-
tural and Mechanical College of Texas: rat and
chicken; University of Michigan: rat and chicken;
Oregon State College: rat; Cornell University:
dog; Columbia University: rat; Johns Hopkins
University: rat; University of Illinois: rat and
dog.

Nutritional adequacy. University of Illinois (pro-
tein) : rat; University of California at Los An-
geles (fat): rat; Alabama Polytechnic Institute
(vitamins) : rat.

Digestibility. University of Rochester: dog.

Carcinogenicity. Wisconsin Alumni Research
Foundation: rat and mouse.

Antigenicity of irradiated proteins. Army Medical
Nutrition Laboratory and the University of Colo-
rado: guinea pig.
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or cathode rays was compared with an un-
processed ration, revealed no ditferences in
erowth, general appearance, or reproduction.
However, the mice raised on the irradiated diet
exhibited some impairment in lactational per-
formance (8).

Short-term rat-feeding experiments with ir-
radiated foods have been conducted by the
Wisconsin Alumni Research Foundation, the
Armour Research Foundation, and the Army
Medical Nutrition Laboratory jointly with the
TUniversity of Colorado to determine whether
the foods are potentially toxic and to provide
wholesomeness clearance for palatability test-
ing by human subjects at the Quartermaster
Food and Container Institute for the Armed
Forces. Approximately 40 foods have received
clearance by this procedure, and an additional
59 have been approved by extrapolation.

The irradiated foods that have received
wholesomeness clearance have been fed for 30
days at levels of 35, 65, 80, and 100 percent
of the total calories in the diet to 10 human
volunteers at the Army Medical Nutrition
Laboratory. No untoward effects have been
observed, and the volunteers have indicated
equal acceptance of nonirradiated and irradi-
ated foods (treated at 3 million rep) with only
a few exceptions (fig. 2).

To evaluate the effects of a diet composed
entirely of irradiated food, experiments in
which rats receive such a diet are being con-
ducted at the Army Medical Nutrition Labo-
atory. The diet is so composited as to provide
proper levels of fat, carbohydrate, and protein.
No adverse effects have developed through the
first two generations.

Other longevity experiments with organ
meats, pork, and a laboratory basal ration in-
dicate that these irradiated foods arve satis-
factory for growth when fed at high levels to
successive generations of rats. With other test
species, such as the dog and the chicken, it has
been demonstrated that, in comparison with
a nonirradiated ration, irradiated rations sup-
port good growth, normal reproduction, and
average food consumption.

Because of the possibility that irradiation
may produce carcinogens in food, extensive in-
vestigations have been conducted by Teply and
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Figure 2. Acceptability of typical irradiated and
nonirradiated food: percentage distribution of
ratings by test subjects.
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Kline (9) to determine whether irradiated
sterols in extracts of egg, yeast, and pork will
induce spontaneous tumor formation in rats
and mice when injected, fed, or painted on the
skin of the test animal. From their experi-
ments to date, there is no clear evidence of the
production of carcinogens by irradiation of
the food materials under study.

Nutritional Adequacy

The nutritive quality of irradiated food is
evaluated by measuring the biochemical effects
of ionizing radiation on individual macronu-
trients and micronutrients, as well as by ob-
servation of effects on animals in feeding ex-
periments. Irradiated foods are compared
with unprocessed foods and with heat-sterilized
foods.

Andrews and co-workers (10) have shown
that fats having peroxide values of 100 or less
are not harmful to rats, whereas higher levels
of peroxides produced by irradiation or oxi-
dation are toxic. However, foods sterilized at
3 million rep have peroxide numbers well be-
low 100, usually in the range of 70 to 80.
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The effect of gamma radiation on carbohy-
drate has been studied extensively by Johnson
and Metta (77). They found no significant
alteration in the physiological energy of car-
bohydrate.

An important criterion in the evaluation of
protein quality is the biological value of pro-
tein. Johnson and Metta have determined the
biological value of the proteins of beef, milk,
peas, and lima beans irradiated at 3 million
rep, as shown in the table (77). According to
this study, radiation has virtually no effect on
the biological value of beef protein. The bio-
logical value of milk protein is reduced about
16 percent by radiation, as compared with about
6 percent by heat. Experiments in which
irradiated milk was supplemented with various
amino acids indicate that radiation causes a loss
of cystine in milk protein. The decreased bio-
logical value of irradiated pea protein is prob-
ably due to destruction of sulfur amino acids,
whereas the biological value of lima bean pro-
tein, which was improved considerably by heat
but only slightly by radiation, can be accounted
for by the destructive effect of heat on trypsin
inhibitor.

Effects of heat sterilization and radiation sterili-
zation on biological value of meat, milk, lima
beans, and pea proteins

Biological value (percent) !
Food ! |
Raw | Heat ster- | Radiation
- ilized sterilsed
| \
Meat________ ___ 78 { ___________ ‘ 79
Mik____... 90 | 84 ‘ 74
Peas. .. - 59 58 50
Lima beans___ 50 \ 68 } 51
- |
! Biological value= nitrogen utilized X 100.

nitrogen absorbed
SoURCE: Reference 11.

The fat soluble and water soluble vitamins
are sensitive to ionizing radiations, some more
so than others. Proctor and Goldblith (72)
have made extensive studies on the effect of
lonizing radiations on the B vitamins. While
ascorbic acid is radiosensitive, riboflavin and
nlacin are radioresistant in dilute solution.
Niacin in solution has a protective effect on
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Figure 3. Percentage destruction of vitamins in
various foods sterilized by heat and by ioniz-
ing radiation.
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ascorbic acid. Foods act as natural protec-
tors; for example, vitamin By, in milk is de-
creased only 30 percent, whereas in aqueous
solution 68 percent is destroyed. Although the
destruction of vitamins due to radiation preser-
vation may appear significant, most investiga-
tors feel that the vitamin loss is no greater than
that experienced during thermal processing
(fig. 3).

Gross effects from feeding irradiated foods to
experimental animals have been measured by
such indexes as growth, reproduction, and lac-
tational performance. More recently, however,
measurements of the activity of representative
tissue enzymes involved in the metabolism of
potential irradiation end products by the ani-
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mal provides more accurate information on the
effect of feeding either irradiated or nonir-
radiated diets. At the Army Medical Nutri-
tion Laboratory we have noted, for example,
a higher activity of cytochrome oxidase in
tissues from rats on irradiated diets than those
maintained on nonirradiated diets. The differ-
ence was statistically significant at the 5 percent
level. This would suggest that some interrup-
tion in lipid metabolism has been effected.

Summary

Treatment of foods with ionizing radiation
promises revolutionary advances in food-pres-
ervation possibilities. There are still major
technolegical problems in regard to acceptabil-
ity of certain foods processed with a radiation
dose of 2 or 3 million rep. However, treatment
at lower radiation levels, which produces such
results as inhibition of sprouting of potatoes,
destruction of trichina in pork, increase in the
keeping quality of food under refrigeration,
and destruction of insect infestation, is gen-
erally successful.

In experimental work undertaken thus far,
radiation-sterilized foods have not been found
toxie, nor has any evidence of carcinogenicity
appeared. In animal feeding experiments
with a wide variety of irradiated foods, repro-
duction and lactational performance in gen-
eral are the same as for animals maintained on
nonirradiated diets. One worker, using an ir-
radiated synthetic diet, demonstrated slight im-
pairment in lactational performance of mice,
but this effect has not been induced in other
animal species by feeding them irradiated
foods. The nutritive value of these foods has
been found to be equivalent to that for heat-
processed foods.
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